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Recently Babar and Belle collaborations have measured direct CP asymmetry Acp = —0.114 ± 
0.020 in B° — » K~tv + . The experimental value is substantially different from QCD factorization 
prediction. We show that SUSY flavor changing neutral current interaction via gluonic dipole can 
explain the difference. CP asymmetries in other B — > K-k decays are predicted to be sizeable. Taking 
this asymmetry as a constraint, we find that the allowed SUSY parameter space is considerably 
reduced compared with constraint from B — > Xsj alone. We also find that the allowed time 
dependent CP asymmetries Sf in B° — > K* ^ — » tt° 'Ks~f and B° — > 4>Ks to be large. These 
predictions are quite different than those predicted in the Standard Model and can be tested in the 
near future. 

PACS numbers: 13.25.Hw, 11.30.Er, 12.60.Jv 



Recently Babar and Belle collaborations have mea- 
sured direct CP asymmetry Aqp in B° — > K~ir + with a 
value of -0.114 ±0.0200. With also precision determi- 
nations of the branchingratios of B — > X s j, B — > Kn, 
and other rare B decays^ 0, Q , the study of rare B de- 
cays has entered a precision era. These decays being rare 
in the Standard Model (SM) are very sensitive probes for 
new physics beyond the SM. 

The recently measured CP asymmetry Acp(B° — > 
K~tt + ) has important implications for B decays and 
there have been some discussions in the literatures 
The experimental value for Acp(B° — > K~tt + ) is sub- 
stantially different from the predictions based on factor- 
ization calculations which predict Acp(B q — > K~ir+) to 
be positive for a set of favored hadronic parameters |a,l3- 
Although at this stage one cannot conclude that there is 
the need of new physics beyond the SM, as there are also 
methods which can give a value close to the experimen- 
tal data, such as pQCD calculations @. We emphases 
that at present there is not a method which can explain 
all data, branching ratios and CP asymmetries in B de- 
cays simultaneously. It is, nevertheless, important to see 
what new physics may be needed to explain the data 
and what predictions can be made by consistently using 
one method. When combined with other processes which 
are more hadronic model independent crucial information 
about new physics beyond SM can be extracted. 

In this letter we take such an approach to study 
implications of the CP asymmetry in B° — > K~ir + 
on supersymmetric (SUSY) flavor changing neutral cur- 
rent (FCNC) interaction via gluonic dipole term using 
QCD improved factorization. We combine more hadronic 
model independent process B — > X s j to constrain the 
relevant parameters. Predictions for direct CP asymme- 



tries in other B — ► Ktt decays, and time dependent CP 
asymmetries in B — > K*j — > ttKsj and B — ► <pKs are 
also studied. 

In the SM, the Hamiltonian for the B decays to be 
considered is well known which is of the form0, 
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where Vij are the CKM matrix elements. Ci are the Wil- 
son coefficients for the operators Oi which have been eval- 
uated in different schemes, values of which from NDR 
scheme will be used|j. We will not display the full sets 
of Oi and c, here, but only give the definitions of the 
gluonic and photonic dipole operators On and 0\i for 
the convenience of later discussions. They are given by 

On - #^scT^Grr a K(l±75) + m 5 .(l-7 5 )]6, 
Ox-x = -^scT^F^[m b (l + 7 5 ) + m s (l- 75 )]6, (2) 

where T a is the color SU(3) generator normalized to 
Tr(T a T b ) = 5 ab /2. and are the gluon and 

photon field st rengths . In the SM en = —0.151 and 

ci2 = -0.318(1 Eflini- 

When going beyond the SM, there are some modifi- 
cations of the above coefficients. In SUSY models, ex- 
changes of gluino and squark with Left- Right squark mix- 
ing can gene rate a large contribution to 011,12 at one- loop 
level [dM 1l4j since their interactions are strong couplings 
in strength and also enhanced by a factor of the ratio 
of gluino mass to the b quark mass|l5j. We will concen- 
trate on the effects of this interaction, although there are 
also possible large contributions from other sources pi|. 
In general exchange of squarks and gluinos can generate 
non-zero 011,12 f° r dipole operators with 1 + 75, as well 
as with non-zero c' n 12 for dipole operators with 1 — 75. 

The Wilson coefficients s ^ 2 from SUSY contributions 
obtained in the mass insertion approximation are given 
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by, for the case with 1 + 75 Q , 
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where 8 b ^ R parameterizes the mixing of left and right 
squarks, x gq — mym^ is the ratio of gluino mass m g 

and squark mass rriq. The Wilson coefficients c^"^ for 
the case with 1 — 75 can be easily obtained by replacing 
the Left-Right mixing parameter 8£ R by the Right-Left 
mixing parameter S RL . 

At the energy scale relevant for B decays, 

/i « rrifc, the coefficients c\i S \2 V are modified to 

be@, cPr Sy (») = V 7 4t USy (m s ), and '(/x) 

= »? 8 4 ) "" W ("»5)+|('? 7 - •? 8 )cfi™ n '(n» S ), with 
77=(a s (TOg)/a s (TO t )) 2/21 (a s (m t )/Q: ;j (r7i 6 )) 2 / 23 . 

From the expressions in Eq.JSJ, one can see that the 
SUSY contributions are proportional to m g . If rrig is of 
order a few hundred GeV, there is an enhancement factor 
of (m g /mb)(m^ v /m g ) for the SUSY dipole interactions. 
In this case even a small §y!r rli which can easily satisfy 
constraints from B° — B° mixing and other data, can 
have large effects on rare B decays. 

We first consider constraint on the SUSY parame- 
ters 8^ R RL from B — ► X57. The branching ratio of 
this process has been measured to a good precision with 
(3.54t°" 
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10 |2j. Theoretically the branching ratio 
has been evaluated to the next-to-leading order QCD cor- 
rections. The branching ratio with the photon energy cut 
to have E 1 > (1 - S)E" lax is given byjuj 



contribution to Acp (B — > Y57) is given by 
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t r sm sm*-\ 1 r r sai SM*n cc^ 
+ a 28 7m|c 2 c n J + a 8 7im[c n c 12 J}. (5) 

From Ref-Hl, we find a 87 9.5%, a 27 - 1.06%, and 

a 28 ~ 0.16%. For the calculation of Acp{B — ► Yg7) 
in SUSY model considered here, one just replaces cf^ 2 
by the total cn.12 and adds a term asr/mfc^c'^] to the 
numerator and |c' 12 | 2 to the denominator in the above 
equation. 

Using the above, deviations of c\} 12 from the SM val- 
ues are severely constrained. In Figure 1 we show the 
allowed ranges for the absolute values of 8 b ^ R RL and 
their phases r for nig — 300GeV and rriq in the range 
100 ~ lOOOGeV at the one a level. We find that the con- 
straints from Br(B — > Y57) are slightly more stringent 
that those from Acp(B — > Y57). Using the allowed pa- 
rameters, one can obtain the allowed c\l through Eq.@ 
and to study implications for other rare B decays. The 
allowed ranges for 8^ r (tlr) and S rl (trl) are correlated 
in general. 
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FIG. 1: The one a allowed ranges for the SUSY parameters 
\ulr rl \ an d the phase r taking nig = 300GeV and m,q in the 
range 100 ~ 1000 GeV. The light-dark doted areas are the 
allowed parameter spaces from Br(B — > Xs'y) and Acp(B — > 
Xsy) constraints. The dark doted areas are allowed ranges 
by Acp(B° — > K~tt + ) constraint. Figure la (on the left) 
and Figure lb (on the right) are for the dipole operators with 
1 + 75 and 1 — 75, respectively. 



2.57 x 10- 3 x K NLO (S) x BT{B ^* ceV) , (4) 



where the factor Kmlo{8) related to the Wilson coeffi- 
cients c l is given by, K NLO {8) = ^,,=2,11,12 k i3 (8)[ciC* + 

&12 12(<*)[ c 12 )c 12 + c 12 1)c i*2]- The values 01 c 2 and 



kij (5) can be obtained by using the expressions given in 
Ref. [111. We use 8 = 90% which gives Br(B -> Y s7 ) w 
3.5 x 10 -4 , which is consistent with the data and the 
complete NLO QCD results in Ref. [T^. 

Although experimentally CP asymmetry in B — > Xsj 
has not been well established, there are constraints from 
experiments with 0.005 ± 0.036 j|. We will also take 
this information into account. In the SM, the leading 



We now study whether after the constraint from B — > 
Y57, the observed CP asymmetry Acp(B° — > K~7r + ) 
can be reproduced and analysis what constraint can be 
put on the SUSY parameters. For this purpose, we need 
to calculate the amplitudes for B — > Kir decays. We fol- 
low the QCD factorization approach in Ref.[6j. Since Oi 2 
is suppressed by a factor of a em /a s compared with On, 
we will neglect its contribution in our later discussions. 
We find that the gluonic dipole contributions to the de- 
cay amplitudes: -V2A(B° -> K°tt°), A(B° -> K~i&), 
y/2A(B~ K-tt°), A(B~ -> K°Tr~) are the same, 
which are given by 
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where Gk-k = <f>K(x)dx/(l — x) + Rk- Rk — 
2m K /m 8 m%, and Cp — (N% — l)/(2N c ) with the num- 
ber of color N c — 3. 4>k{x) is the light cone distribution 
amplitude. 

In our numerical analysis we will take the CKM param- 
eters to be known, with the standard parametrization 
si2 = 0.2243, s 23 = 0.0413, s 13 = 0.0037, S 13 = 1.05, 
which is the central value given by the Particle Data 
Group|17|. With the SM amplitudes obtained and the de- 
fault values for the hadronic parameters used in Ref . , 
we obtain the CP asymmetry Acp(B° — > K ~tt + ) in the 
SM to be 0.15. This is different in sign with the ex- 
perimental value. When SUSY dipole interactions are 
included the experimental value can be reproduced. For 
example m s = rrig = 300GeV, S L r = 2.62 x 10- 3 e°- 238i , 
6 RL = 4.31 x I0- 3 e 1 007i the asymmetry A C p(B° 
K~tt + ) is approximately —0.114. Using the same set of 
SUSY parameters, we have Br(B -> Y s7 ) = 3.48 x 10~ 4 , 
A CP (B -> Xsl) = 0.016. It is clear that the CP asym- 
metry Acp{B° — > K~ir + ) can be brought to be in agree- 
ment with data at one a level when SUSY gluonic dipole 
interactions are included. 

To see how the CP asymmetry provides stringent con- 
straint on the SUSY flavor changing parameters, we show 
in Figure 1 the parameter space allowed from Acp (B° — > 
K~tt + ) (the dark doted areas) on top of the allowed 
ranges by B — > Y57 constraint alone at the one a level. 
We see that the CP asymmetry in B° — > K~ir + consid- 
erably reduces the allowed parameter space. 

Using the above allowed SUSY parameters, one can 
predict the branching ratios for all the four B — > Ktt 
branching ratios and also the unmeasured CP asym- 
metries. Since the branching ratios involve unknown 
B — > K and B — > it form factors, one cannot make pre- 
cise predictions without a good understanding of these 
form factors. We therefore study just the CP asymme- 
tries in which large part of the form factor effects are 
cancelled out. In Figure 2, we show the direct CP asym- 



metries in B 



B' 



and B° -> K°ir° 



for the allowed parameter space in Figure 1. We see that 
large CP asymmetries are allowed. In particular that the 
CP asymmetry in B~ — » K°ir~ can be as large as —0.3, 
whereas in the SM this asymmetry is very small. Near 
future experiments can test these predictions. 
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FIG. 2: The allowed CP asymmetries in B~ -> K ir~ , B~ -> 
K~tt0 and B° -» K°tt°. 

We finally study time dependent CP asymmetries in 



B —> K*~f — > 7r°A"s7 and B — > (f>K S - There are two 
CP violating parameters Af and Sf which can be mea- 
sured in time dependent decays of B and B produced 
at e + e~ colliders at the T(45) resonance, 
Af cos(AiAms) + Sf sin(AiAms). The parameters Af 
and Sf are related to the decay amplitudes as 
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where A/ = A/ A and A and A are the decay amplitudes 
of B° — > fcp and B° — > fcp, respectively. qpjVB is the 
mixing parameter in B — B mixing. 
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To the leading order Ak'j is the same as Acp(B — > 
Y57). Note that the hadronic matrix element < 
K*\sa^{l ± 75 ) & I i? > does not appear, which makes 
the calculation simple and reliable. In order to have a 
non-zero Sk*j both C12 and c' 12 cannot be zero. 
In the SM the asymmetries Ak*^ and Sje-y are 



dieted to be small with Af$? 



0.5%, S S K ^ w 3% 



With SUSY gluonic dipole interaction, the predictions for 
these CP asymmetries can be changed dramatically |l5| . 
With the constraints obtained previously, we find that 
the parameter qs/PB is not affected very much com- 
pared with the SM calculation. To a good approximation 
q B /pB = e~W. 

A large gluonic dipole interaction also has a big impact 
onB^ (f)Ks decays^]. In the SM, A$k s is predicted 
to be very small and S^Ks i s predicted to be the same as 
Sj/i/jKs = sin(2/3). With SUSY gluonic dipole contribu- 
tion, the decay amplitude for B — > (f>Ks will be changed 
and the predicted value for both Aj,k* and S^Ks can be 
very different from those in the SM|19|. To obtain con- 
crete values, we again use QCD factorization to evaluate 
the amplitude. We obtain the contributions of en and 
c'n to B — > 4>K S amplitude to be 
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where is the polarization vector of <f>. G^.n = 

— Jq 2(j) r j ) (x)dx / (1 — x) with (j)^{x) being the light cone 
distribution function. 

We are now ready to present the allowed ranges for 
the time dependent parameters Af and Sf for both the 
processes B° -> K*<y -> K s ir°j and B° -> <f>K s . The 
results are shown in Figure 3. The current values of 
S K '-y and A K , n from Babar (Belle) are: 0.57 ± 0.32 ± 
009(-0.00± 0.38), 0.25 ± 0.63 ± 0.14(-0.79tg;^ ± 0.09), 
respectively [2(j. From Figure 3, we see that the al- 
lowed ranges can cover the central values of Sft-» 7 from 
Babar and Bell, but it is not possible to obtain the cen- 
tral value of Ax'-y by Belle. Future improved data can 
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FIG. 3: The allowed time dependent CP asymmetries in 
B° -> A"*7 -> A" S 7T°7 and B° -> <f>K s . 

further restrict the parameter space. Both Babar and 
Belle have also measured Acp(B" — > K*~*() with ranges 
-0.074 - 0.049(Babar) and -0.015±0.044±0.012(Belle) 
[2^. In the model we are considering, the CP asymme- 
tries Ax'-y and Acp(B~~ — > X*~7) are the same. The 
results for the charged B CP asymmetry are consistent 
with data. 

The time dependent asymmetry in B — > 4>Ks is a very 
good test of CP violation in the SM. Experimental mea- 
surements have not converged with the current values of 
Babar(Belle) given by 0.00±0.23±0.05(0.08±0.22±0.09), 
and 0.50 ± 0.25±g;gf(0.06 ± 0.33 ± 0.09) for A^ Ks and 
S<pK s B CO] i respectively. These values are considerably 
different than the value reported by Belle last year of 



S+ Ks = -0.96 ± 0.50l^^[23. From Figure 3 we see 
that the current data of A^Ks an d S^Ks can be easily 
accommodated by the allowed ranges. We also note that 
the allowed ranges can cover last year's Belle data. Since 
the error bars on the data are large, no definitive conclu- 
sions can be drawn at present. 

In summary we have studied the implications of the 
recently measured CP asymmetry in B° — ► K~tt + on 
SUSY flavour changing interactions. The experimental 
value for this asymmetry — 0.114± 0.020 is substantially 
different than QCD factorization prediction. We have 
shown that SUSY FCNC interaction via gluonic dipole 
can explain this difference. The allowed SUSY parameter 
space is considerably reduced compared with constraint 
from B — > X s j alone. CP asymmetries in other B — > 
Kir decays are predicted to be sizeable. We also find 
that the allowed time dependent CP asymmetries Sf in 
B° — » K*°j — > ir°K s j and B° — > (j>Ks are in the ranges 
of —0.4 ~ 1 and — 1 ~ 1, respectively. These predictions 
are quite different from the ones in the SM and can be 
tested in the near future. 
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